交通需要予測を必要としない自律分散型の動的混雑管理法:ネットワーク通行権取引制度とそのインプリメンテーション・メカニズム by 和田 健太郎
Distributed and dynamic traffic congestion
control without requiring demand forecasting:



















平成 25 年 3 月 27 日
学位規則第 4 条第 1 項該当
東北大学大学院情報科学研究科(博士課程)人聞社会情報科学専攻
Distributed and dynamic traffic congestion control without requiring 









Cities worldwide stil face heavily traffic congestion due to urbanization and increasing travel demand. 
To address the problem, there has been a great deal of research into transportation management (TDM) 
schemes. A common characteristic of almost al the schemes is based on demand forecasting; these 
schemes have become more detailed and complex with refinement of the forecast models. However, the 
models require a large amount of user demand information (e.g., origin-destination data and value of time) 
and will produce unreliable output if such da阻 cannot be obtained accurately. Unfortunately, since it is 
almost impossible for a road manager to obtain such private information accurately, TDM schemes that 
rely on such models may not work effectively. An important point to emphasize here is that the problem 
lies in the asymmetric information between the road manager and road users. 
To resolve the asymmetric information problem, Akamatsu et al. (2006), and Akamatsu (2007b,c) 
proposed a new TDM scheme-tradable network permits scheme-and proved its efficiency properties. 
The pu叩ose of this thesis is twofold: (i) to extend a 白eoηoftradable network permits to inc1ude supply 
side conditions and (i) to design implementation mechanisms of tradable network permits in three different 
situations. More specifically, it first explores properties of a signal con甘01policy based on tradable network 
permits. Next we design auction mechanisms for implementing a hybrid scheme of tradable network permit 
markets according to auction theory. Final1y, we develop an evolutionary mechanism for implementing a 
hybrid scheme of 廿adable network permits and congestion pricing. The common 0吋ective of the control 
and mechanisms is to achieve an efficient allocation of network capacity that does not require demand 
forecasting and that can be implemented in a computationally tractable way. To accomplish this objective, 
we employed an evolutionary approach to achieving an optimal supply level while acquiring demand 
information sequentially. This thesis is organized into a series of self-contained chapters. 
Chapter 1 provides background information on TDM schemes and ca町ies out a brief literature review 
on several types ofTDM schemes. 
Chapter 2 reviews a basic 仕amework and properties of tradable network permits. We also present the 




flow pa枕em that minimizes the total transportation cost in a network. Moreover, we construct an 
evolutionary implementation method for the proposed policy and prove that the day-to-day traffic flow 
dynamics under the scheme converges to the system optimal trafic pa枇ern.
In the following two chapters, Chapter 4 and Chapter 5, we design auction mechanisms for 
implementing tradable network permit markets in general networks and in a dynamic 印刷ng， respectively. 
In order to account for individual s廿ategic behavior, we here conduct a game-theoretic analysis of a 
dynamic traffic assignment with atomic users. Under this setting, we need to establish mechanisms in 
which no user has incentive to manipulate the markets. Furthermore, unlike the single bottleneck case 
treated in Wada and Akamatsu (2010), we have to deal with more complex markets, including network 
structures and multiple period markets. Nevertheless, we can resolve these complexities by relying on 
suitable adaptation of the supply side control developed in Chapter 3. 
Chapter 4 focuses on 廿adingmarkets on general networks. Under the situation, a naive formulation of a 
problem of finding a dynamic system optimal allocation of network permits leads to a NP-hard problem 
due to the complex relationship between link and path. To avoid such computational infeasibility, we 
develop a hybrid mechanism that consistently combines an auction mechanism with a path capacity control, 
which are repeated on a day-to-day basis. The former phase involves selling bundles of permits, and the 
later phase involves adjustment of the number of bundles of permits, which corresponds to the p剖h
capacities. We prove that the proposed mechanism has two desirable prope抗ies: (1) truthful bidding is a 
dominant strategy for each user on each day, and (2) the permit allocation pa恥m under the mechanism 
converges to an approximate dynamic system optimal allocation pa社em in the sense that the achieved 
social surplus reaches its maximum value when the number of users is large. Furthermore, we show that the 
proposed mechanism can be extended to obviate path enumeration by introducing a column generation 
procedure. 
Chapter 5 considers a more general situation where network permits for a specific day are sold in 
multiple period markets. Under this situation, the road manager faces a problem of how to allocate a 










2007) は，利用者の詳細な需要情報を必要としない TDM 施策“ネットワーク通行権取引制度"
を提案し，制度導入後の均衡状態では渋滞が完全に解消され，最も効率的な資源配分を達成する
ことを明らかにした.ただし，その理論は， 1) 需要側の条件のみを考慮している， 2) 均衡状態






















社会的に最適な通行権の配分を求める問題が NP -hard な組合せ最適化問題となる.この困難性




















おいていた利用者の day -to -day の選択行動Ci.e. ， myopic best response) を，より現実的な学
習・確率的選択行動としてモデル化している.具体的には，まず，通行権取引ルールおよび利用
者選択行動ルールをミクロに記述し，マクロな交通量が従う確率的なダイナミクスを導出してい
る.そして，確率的な交通量ダイナミクスが大域的に均衡状態へと収束し，均衡状態において実
現する交通量パターンが社会的最適状態に一致することを明らかにしている.また，数値実験を
通して，学習行動を考慮、したダイナミクスは，そうでないダイナミクスよりも収束が速く，確率
的選択に対しでも頑健で、あるという示唆を得ている.
第 7 章は，本研究で得られた結果の要約と今後の研究課題が述べられている.
以上要するに，本論文は，進化ゲーム論的アプローチによってオークション理論の枠組を拡張
しつつ，詳細情報を必要とせずに効率的な交通流配分を実現する通行権取引市場のマイクロ・メ
カニズムを構築したものである.これらの成果は，優れて学際的な研究であって，交通計画学・
ゲーム理論を含む情報科学の学際分野の発展に寄与するところが少なくない.
よって，本論文は博士(情報科学)の学位論文として合格と認める.
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